PLASMA PROCESSING APPARATUS AND METHOD 

CROSS REFERENCE TO RELATED APPLICATION 
This is a divisional of U.S. application Serial No. 09/795,487, filed 
March 1 , 2001 , the subject matter of which is incorporated by reference 
herein. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a plasma processing apparatus and 
method, more particularly to a plasma processing apparatus and method 
suited to apply a bias voltage to a specimen. 
5 In the conventional plasma etching technique of this type, as 

disclosed in JP-A-2-65131 , it is known that the electrostatic damage has 
been prevented by providing an electrically conductive ring at a position 
surrounding the wafer. 

As disclosed in JP-A-8-181 107, there is known a technique that a 

10 surrounding ring formed of ceramic is provided around a lower electrode, a 
wafer is mounted on the surrounding ring so as to have a space between 
the wafer and the lower electrode and thereby have an electrostatic 
capacitance, so that a DC voltage generated in a plasma is distributed into 
the space, a blocking capacitor and the wafer to prevent occurrence of 

1 5 charging damage to the wafer. 

However, the above conventional technique is insufficient to prevent 
the gate oxide film from the electrostatic damage when the gate oxide film 
becomes much thinner. Further, it is difficult for all the different processing 
objects such as different kinds of films, different working shapes such as 

20 grooves or holes to achieve both of reduced-damage property and desired 
etching characteristics within the wafer surface. The etching characteristics 
include uniformity of etching, etching shape, selectivities to mask and 
underlayer materials and etching rate. 

That is, the semiconductor integrated circuit becomes more minute 

25 and more complex for obtaining much higher function and much higher- 
speed operation. In higher-speed semiconductor devices, the gate oxide 
film is much thinner, resulting in lower dielectric breakdown voltage as 
shown in Fig. 1. Thus, in dry etching conducting the plasma processing 



using charged particles or the like, it is possible that electrostatic damage 
occurs due to potential difference produced between gate oxide films 
unless the process is carried out while taking delicate balancing between 
positive (i.e., ions) and negative charged species (i.e., electrons). 
5 This is because the potential of the wafer base material (silicon) is 

subjected to the average of the amount of electric charges flowing into the 
wafer from the plasma, while the potential of the gate oxide film is subjected 
to the amount of electric charges flowing into the gate oxide film from the 
local plasma just above the oxide film so that the slight difference in flowing 

1 0 amount of the electric charges over the whole wafer surface produces the 
potential difference between the areas above and under the oxide film or 
across the base material of silicon. This phenomenon is also called as 
"charging damage". 

This often occurs by the difference in amount of the flowing-in 

1 5 charged particles, which occurs, especially when the wafer bias voltage is 
applied, due to slight difference of the applied bias voltage caused by the 
difference in impedance to the earth between the wafer surface positions. 

A conventional countermeasure against the above is to take a 
method of preventing the charging damage by using a conductive ring at an 

20 outer periphery of the wafer. However, since this method relies on a 

method of locally changing the plasma density at the periphery, it is difficult, 
in case of processing a wafer of large diameter of 12 inches or larger, to 
satisfactorily suppress the damage in the gate oxide film as the gate oxide 
film of the large-diameter wafer becomes more and more thin, because the 

25 area where the plasma density is balanced is small. 

Also, when the above device is manufactured by using a wafer of a 
large diameter, it is required to maintain the etchant density uniform within 
the wafer surface in order to achieve uniformity of etching with respect to 



the shape over the wafer surface. Especially, in order to suppress the 
excess etchant at a peripheral part of a wafer of a large diameter, it has 
been done to provide an etchant consuming ring at the wafer periphery 
and applying a bias thereto thereby maintaining the uniformity over the 
5 surface. 

However, the bias current flowing through the ring provided to the 
wafer periphery also causes the impedance of the wafer periphery to 
change, thereby changing the amount of electric charges flowing into the 
wafer which adversely affects the charging damage characteristics. 

10 U.S. Patent No. 5,535,507 issued to Barnes et al discloses a 

technique of compensating for unequality in etching of a workpiece by using 
an electrostatic chuck which supports the workpiece by electrostatic 
attracting force between the workpiece and an electrode. However, this 
U.S. Patent fails to teach a method of compensating for charging damage 

15 which is intended by the present invention. 

JP-A-8-316212 discloses another technique in which an electrode 
portion of a wafer mount is divided into a plurality of electrically isolated 
areas, impedance matching elements are connected to respective areas so 
as to control the impedances thereof, and alternatively, a recessed portion 

20 is provided on the electrode surface of the wafer mount such that the 

impedances between the wafer and the electrode differ between the center 
portion and the outer portion of the electrode to make ion energy emitted to 
the wafer uniform over the entire surface, thereby achieving a uniform 
plasma process. However, this technique also does not refer to the 

25 compensation for charging damage. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a plasma processing 
device capable of processing a high speed semiconductor device sensitive 
to damage by charge-up and having a delicate structure by using a wafer of 
5 a large diameter at a high yield and a method of processing the same. 

The present inventors have invented an etching apparatus capable 
of making a gate oxide film thinner and also capable of, when processing a 
wafer of a large diameter, making high the uniformity of etching and making 
less the damage of the devices formed in the wafer by a method different 

10 from a conventional one and a method of etching the same. 

According to one aspect of the present invention, a plasma 
processing apparatus includes variable impedance means for adjusting a 
bias current distributed to a ring mounted at position surrounding a wafer, 
insulating material formed on a surface of a mounting electrode opposing to 

15 a rear surface of a wafer to be processed and having a part which is thicker 
than other parts thereof and an inner electrode provided inside the part of 
the insulating material. A bypassed bias current is supplied to the inner 
electrode and variable impedance means is provided to adjust the bias 
current supplied to the inner electrode. The bias current supplied to the 

20 ring mounted at an outer periphery of the wafer is adjusted so as to make 
uniform the etching characteristics on the wafer surface according to the 
process condition such as the plasma etching process condition and then 
the bias current supplied to the inner electrode positioned inside the wafer 
surface is adjusted so as to make the electrostatic damage minimum. 

25 According to another aspect of the present invention, a plasma 

processing method using a plasma processing apparatus, which is capable 
of applying a bias electric power to a substrate to be processed and a 
material adjacent to a main rear surface of the substrate, is provided to 



include the steps of providing an electrode for supporting the substrate to 
be processed and changing a feeding impedance for a bias power 
depending on a position on the electrode so as to make electrons injected 
to the substrate (wafer) to be processed uniform within a surface of the 
5 wafer. 

According to still another aspect of the present invention, a plasma 
processing method used in a plasma processing apparatus for 
manufacturing a semiconductor device is provided to comprise the steps of 
applying a bias power to a substrate to be processed and a material 

10 adjacent to the substrate, adjusting a feeding impedance for the bias power 
applied to the material adjacent to the substrate to be processed and 
adjusting a feeding impedance for the bias power applied to plural positions 
on the substrate to be processed so as to make uniform the electrons of the 
incident plasma within the surface of the substrate. 

1 5 Other objects, features and advantages of the present invention will 

become apparent from the following description of the embodiments of the 
invention taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a diagram showing the relation between the thickness of the 

gate oxide film and the dielectric breakdown voltage. 

Fig. 2 is a sectional view along a longitudinal direction of dry etching 
device according to one embodiment of the present invention. 

Fig. 3 is a diagram showing the distribution of the rate selectivity 
25 between the silicon oxide film and an undercoat silicon within the wafer 
surface when the outer diameter of the silicon ring 9 is 1 .4 times of the 
wafer diameter. 



Fig. 4 is a diagram showing the distribution of the rate selectivity 
between the silicon oxide film and an undercoat silicon within the wafer 
surface when the outer diameter of the silicon ring 9 is 1 .2 times of the 
wafer diameter. 

5 Fig. 5 is a histogram of the dielectric breakdown voltage distributed 

over the wafer surface when the outer diameter of the silicon ring 9 is 1 .2 
times of the wafer diameter. 

Fig. 6 is a histogram of the dielectric breakdown voltage distributed 
over the wafer surface when the outer diameter of the silicon ring 9 is 1 .4 
1 0 times of the wafer diameter. 

Fig. 7 is a sectional view of one embodiment of the present invention 
including a wafer-mounting electrode and a silicon ring. 

Fig. 8 is a sectional view of dry etching device according to another 
embodiment of the present invention. 
1 5 Fig. 9 exemplarily shows generation of damages on a wafer when a 

conventional wafer-mounting electrode assembly is used in the device of 
Fig. 8. 

Fig. 10 is a schematic diagram of wafer-mounting electrode 
assembly according to another embodiment of the present invention to be 
20 used in the device of Fig. 8. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Now embodiments of the present invention will be described with 

reference to the accompanying drawings. First, Fig. 2 shows a first 
25 embodiment of the present invention. 

Fig. 2 is a diagram of microwave dry etching device. Here, 1 

denotes a vacuum processing chamber, 2 a quartz window hermetically 

formed in the vacuum processing chamber 1 for introducing a microwave 



into the chamber 1 , 3 an electrode arrangement or stage provided in the 
vacuum processing chamber opposing to the quartz window 2 for mounting 
thereon a wafer 8 having a semiconductor integrated circuit, 4 a high 
frequency power source for applying a bias voltage to the electrode 
5 arrangement 3, and 6 a solenoid coil for forming a magnetic field in the 
vacuum processing chamber 1 . 7 is a gas introducing opening through 
which a gas mixed according to an etching recipe is introduced into the 
vacuum processing chamber 1. 9 is a ring made of silicon provided for 
consuming excess etchant, and 10 a ring made of aluminum provided at 

1 0 outer periphery of the ring 9. 

In the case of forming a pattern in a silicon oxide film by etching 
using the device of the present invention, when the outer diameter of the 
silicon ring 9 is 1 .4 times of the wafer diameter, the selection ratio between 
the silicon oxide film and an undercoat silicon within the wafer surface is 
( 15 distributed so as to be higher at the periphery of the wafer as shown in Fig. 
3. This is because the etchant of silicon, i.e. fluorine is less in the periphery 
than the center of the wafer. In this case, by making the diameter of the 
silicon ring 9 1 .2 times of the wafer diameter, it is possible to obtain a 
uniform distribution of fluorine within the wafer surface and to make the 

20 distribution of the selection ratio uniform as shown in Fig. 4. 

However, it is seen from the test of dielectric breakdown by charging 
damage of the gate oxide film that when the diameter of the silicon ring is 
1 .4 times of the wafer diameter, no deterioration occurs due to charging 
damage as shown in the dielectric breakdown histogram of Fig. 6, while 

25 when the diameter of the silicon ring is 1 .2 times of the wafer diameter, the 
deterioration occurs in about 20 % due to charging damage as shown in the 
dielectric breakdown histogram of Fig. 5. 
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This is because the bias current flowing from the silicon ring to the 
plasma becomes smaller as the diameter of the silicon ring becomes 
smaller and thereby the bias current flows more readily at the periphery of 
the wafer due to smaller interference with the bias current in the wafer 
5 periphery so that unequality is produced in the electric charges flowing 
within the wafer surface. 

Then, it was proposed to solve the above problem by using the 
method of the present invention so as to incorporate the electrode 
arrangement 3 of the present invention including the wafer mounting 
10 electrode 22 and the silicon ring 27, as shown in Fig. 7, into the apparatus 
of Fig. 2 

The electrode arrangement 3 for mounting a wafer 21 composed of 
an electrode 22 which is made of aluminum and an alumina film 22A which 
is coated by sputtering on the surface of the electrode 22. The alumina film 

15 is coated at a thickness such that the thickness at the ring portion, i.e. a 
part outside of its inner part having a diameter of two thirds of the electrode 
diameter is three times of the thickness at the inner part. Also, an electrode 
23 of tungsten is buried at the ring portion at a depth of one thirds of the 
thickness of the electrode from its surface and connected to a feeder line 

20 24 which is insulated from the electrode material. This feeder line 24 is 
connected through a variable capacitor 25, together with the electrode to a 
bias power source circuit 26. The variable capacitor 25 is capable of being 
either short-circuited or opened and having a capacity variable from infinite 
to zero. 

25 Further, the silicon ring 27 has an outer diameter of 1 .5 times of the 

wafer diameter and is disposed on the electrode 22. The thickness of the 
alumina film 22B at a portion where the silicon ring 27 is disposed is two 
times of the thickness of its center portion. In the insulating film, an 



electrode 28 of tungsten is buried and connected to the electrode material 
through a feeder line 29 and a variable capacitor 30. 

This device of the present invention has been used for etching the 
above silicon oxide film. First, the etching is carried out by setting the 
5 capacitance of the variable capacity 30 connected to the silicon ring 27 at 
10,000 pF and the capacitance of the variable capacitor 25 connected to 
the tungsten electrode 23 at 1 ,500 pF. In this case, the distribution of the 
selection ratio within the wafer surface is high in the peripheral portion of 
the wafer surface like the above-mentioned. Then, only the capacitance of 

10 the variable capacitor 30 connected to the silicon ring is changed to 7,300 
pF. In this case, the distribution of selection ratio is uniform within the wafer 
surface. However, the examination of the dielectric breakdown due to 
charging damages at this condition indicates that the breakdown has 
occurred at a frequency of 18 %. Then, the capacitance of the variable 

1 5 capacitor 25 connected to the tungsten electrode has been changed to 850 
pF. Then, the test was again carried out and it was found that the selection 
ratio is uniform within the wafer surface and the frequency of the 
breakdown due to charging damages is reduced to 0 %. This is because 
the bias current of the silicon ring 27 is reduced by making smaller the 

20 capacitance of the variable capacitor 25, thereby cancelling the tendency of 
increasing the bias current at the periphery of the wafer. 

The present invention has been used for etching a sample in which 
the pattern formed on a silicon oxide film is different. In this case, the 
capacitance of the variable capacitor connected to the silicon ring 27 is 

25 1000 pF and the capacitance of the variable capacitor 25 connected to the 
tungsten electrode 23 is 1300 pF. By this arrangement, it is possible to 
carry out the etching with uniform distribution of the selection ratio within 
the wafer surface and without generation of the charging damages. 
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Next, another embodiment using a high density plasma etching 
apparatus (plasma processing apparatus) will be described with reference 
to Fig. 8. In Fig. 8, 31 is an introducing window on which a coil 33 is 
mounted. By supplying an electric power to the coil 33 from a high 
5 frequency power source 32, a plasma is produced between the window 31 
and the wafer mounting electrode 34. In this case, the coil is disposed with 
unequal spaces between its coil windings in order to make uniform the 
processing rate within the wafer surface so that the plasma main generating 
positions are distributed in a doughnut shape as shown in Fig. 8. 

10 By applying a voltage from a bias electric power source 35 

connected to the wafer mounting electrode 34, ions produced from the 
plasma are accelerated and projected onto the wafer to conduct etching 
process. The earth connection 36 is effective to make possible the 
application of bias, while fixing the plasma potential. 

15 After an etching process was carried out by using the above etching 

apparatus and adjusting the process condition so as to obtain desired 
working configuration, the characteristics of the gate oxide film was 
measured and as a result, it was found that defective chips are generated 
as shown in Fig. 9. 

20 This is because the bias impedance is reduced at positions opposing 

to the plasma main generating positions within the wafer surface and 
thereby the potential produced by the bias is varied depending on the 
positions on the wafer surface. In this case, as shown in Fig. 10, by 
disposing the portion, where the thickness of the alumina is larger than 

25 other portions and the electrode 41 is embedded, at a position opposing to 
the plasma main generating position and adjusting the capacitance of the 
variable capacitor 43, it is possible to reduce the rate of defective chips due 
to charging damages to 0 %. Incidentally, in Fig. 10, 42 is a feeder line, 44 



and 45 are resonance coils, 46 a bias high frequency power source, and 47 
a variable D.C. power source. 

The present invention is capable of processing high-speed devices 
sensitive to damage due to charge-up and having delicate structure by 
using a wafer of large diameter at a high yield. 



